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© The present invention discloses a non-volatile 
memory device having a multi-level gate structure. 
The storage cell transistor in the cell array region 
and the transistor in the peripheral circuit region 
have the same multi-level gate structure. Also, multi- 
level polycrystalline silicon layers in the peripheral 
circuit region are connected to each other, and thus 
utilized as an electrically singular gate electrode. 
The gate structures of the two regions are formed 
through a single etching process, so that the de- 
creased processing number of photolithography sim- 
plifies overall process, and reduces the damage on 
the field oxide layer to thereby enhance an insulating 
performance. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a semiconduc- 
tor memory device, and more particularly to a non- 
volatile memory device having a multi-level gate 
structure. 

General non-volatile memory devices of a 
multi-level gate structure include storage cell tran- 
sistors having a multi-level gate structure in a cell 
array region, and transistors having a single-level 
gate structure for operating the storage cell transis- 
tors in a peripheral circuit region. An electrically 
erasable programmable read only memory (EEPR- 
OM) which can be erased and reprogrammed elec- 
trically is one type of the memory devices having 
the multi-level gate structure. A storage cell transis- 
tor of the EEPROM has a floating gate electrode 
for storing data, and a control gate electrode for 
controlling the floating gate electrode. Also, in the 
storage cell transistor, an interlayer insulating film 
is provided between the control gate electrode and 
floating gate electrode, and a tunnel oxide layer is 
disposed between the floating gate electrode and a 
substrate. 

A conventional technique for such an EEPROM 
is disclosed by R. Shirota. et al in IEDM, 1990, pp. 
103-106, entitled: "A 2.3mm 2 Memory Cell Struc- 
ture for 16Mb NAND EEPROMs". 

FIGs. 1A to U show a process for manufactur- 
ing the EEPROM having the multi-level gate struc- 
ture according to the conventional technique. Here, 
FIGs. 1A, 1C, 1E. 1G and 11 are longitudinally 
sectioned views showing a cell array region and 
peripheral circuit region of the EEPROM manufac- 
tured by a sequential process. FIGs. 1B, 1D, IF, 
1H and 1J are sectional views showing the periph- 
eral circuit region laterally cut away from FIGs. 1A, 
1C, IE, 1G and 11, respectively. Referring to FIGs. 
1A and IB, a field oxide layer 101 is formed on a 
substrate 100 by a common LOCal Oxidation of 
Silicon (LOCOS). Then, a gate oxide layer 105 is 
formed on the whole surface of the substrate 100, 
and the gate oxide layer 105 to have a storage cell 
transistor in the cell array region thereon is etched 
by a photolithography. Thereafter, a thin tunnel 
oxide layer 102 is formed on the surface of the 
substrate 100 in the portion of forming the storage 
cell transistor. A first polycrystalline silicon layer 
103 and an ONO (oxide/nitride/oxide) layer 104 
which is an interlayer insulating film are sequen- 
tially formed on the whole surface of the substrate 
100. Thereafter, using a photoresist pattern 106 as 
a mask, these layers just on the peripheral circuit 
region are sequentially etched by a common etch- 
ing method, to thus expose the surfaces of the field 
oxide layer 101 and substrate 100. The first poly- 
crystalline silicon layer 103 is a conductive layer 
for a floating gate electrode of the storage cell 



transistor. Referring to FIGs. 1C and 1D. after re- 
moving the photoresist pattern 106, a gate oxide 
layer 107 is formed on the substrate 100 in the 
peripheral circuit region through a thermal oxida- 

5 tion, and a second polycrystalline silicon layer 108 
and a tungsten silicide layer 109 are sequentially 
formed on the whole surface of the substrate 100. 
The second polycrystalline silicon layer 108 and 
tungsten silicide layer 109 form a control gate 

10 electrode of the storage cell transistor and a gate 
electrode of the transistor in the peripheral circuit 
region. Referring to FIGs. IE and 1F, a photoresist 
pattern 110 is formed on the peripheral circuit 
region to form the gate electrode of the transistor. 

75 The tungsten silicide layer 109 and second poly- 
crystalline silicon layer 108 are etched to expose 
the surface of the field oxide layer 101 and the 
gate oxide layer 107. Thereafter, an ion-implanta- 
tion is performed to form source and drain regions 

20 of the transistor in the peripheral circuit region. 
Referring to FIGs. 1G and 1H, after removing the 
photoresist pattern 110, a photoresist pattern 111 is 
formed on the cell array region. The tungsten sili- 
cide layer 109, the second polycrystalline silicon 

25 layer 108, the ONO layer 104 and the first poly- 
crystalline silicon layer 103 are then etched se- 
quentially until the surface of the tunnel oxide layer 
102 and the gate oxide layer 105 is exposed, 
thereby forming a storage cell transistor. Next, an 

30 ion-implantation is performed to form source and 
drain regions of the storage cell transistor. Refer- 
ring to FIGs. 11 and 1J, after removing the 
photoresist pattern 111, a drive-in is performed to 
form the source and drain regions of the transistor 

35 in the peripheral circuit region, and the source and 
drain regions of the storage cell transistor in the 
cell array region. An insulating layer of a low- 
temperature oxide (LTO) layer 112 and a 
borophosphorous silicate glass (BPSG) layer 113 

40 are sequentially formed on the whole surface of the 
substrate 100, and a reflow process is performed. 
Finally, an opening is formed in the portions of the 
cell array region and the peripheral circuit region 
which will be contacted with metal layers 114 and 

45 115 respectively, and then, the metal layers 114 
and 115 are formed. 

In the memory device having the multi-level 
gate structure manufactured by the conventional 
technique shown in FIGs. 1A to U, since the gate 

50 structure of the storage cell transistor 12 in the cell 
array region differs from that of the transistor 1 1 in 
the peripheral circuit region, another photolithog- 
raphy processes are required as shown in FIGs. 
1A, 1E and 1G. Due to this fact, the ONO layer 

55 which is the interlayer insulating film is contami- 
nated owing to an organic photoresist. Moreover, 
the damage on the field oxide layer resulting from 
increased etching processes degrades an insulat- 
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ing performance, and complicates the manufactur- 
ing process. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present in- 
vention to provide a non-volatile memory device, 
wherein a storage cell transistor and a transistor in 
a peripheral circuit region have the same multi- 
level gate structure. 

It is another object of the present invention to 
provide a method for manufacturing a non-volatile 
memory device having a multi-level gate structure 
formed by a single, photolithography process while 
gate electrodes of a storage cell transistor and a 
transistor in a peripheral circuit region have the 
same multi-level structure. 

It is still another object of the present invention 
to provide a method for manufacturing a non-vola- 
tile memory device having a multi-level gate struc- 
ture, wherein an interlayer insulating film is pre- 
vented from being contaminated, thereby providing 
an excellent interlayer insulating performance. 

According to one feature of the present inven- 
tion, the gate electrode of the transistor in the 
peripheral circuit region has a multi-level structure 
which is the same as the gate electrode of the 
storage cell transistor in the cell array region, and 
the multi-level gate electrodes of the transistor in 
the peripheral circuit region are connected to each 
other, thereby functioning as a single gate elec- 
trode. 

According to another feature of the present 
invention, the gate electrode of the transistor in the 
peripheral circuit region has a multi-level structure 
which is the same as the gate electrode of the 
storage cell transistor in the cell array region, and 
the multi-level gate electrodes of the transistor in 
the peripheral circuit region are connected to each 
other, so that the storage cell transistor and transis- 
tor in the peripheral circuit region can be formed 
by a single photolithography process. 

According to still another feature of the present 
invention, a polycrystalline silicon layer for prevent- 
ing contamination is provided on the interlayer in- 
sulating film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above objects and other advantages of the 
present invention will become more apparent by 
describing in detail a preferred embodiment thereof 
with reference to the attached drawings in which: 
FIGs. 1A to 1J show a process for manufactur- 
ing a non-volatile memory device by a conven- 
tional technique; 

FIG. 2 shows a layout of the peripheral circuit 
region of a non-volatile memory device accord- 



ing to the present invention; and 
FIGs. 3A to 3J show one embodiment of a 
process for manufacturing a non-volatile mem- 
ory device according to the present invention. 

5 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 2 is a layout of the peripheral circuit 

10 region of a non-volatile memory device according 
to the present invention, wherein a line A-A* is a 
section line for illustrating source and drain regions 
20 of a peripheral circuit region, and a line B-B' is 
a section line for illustrating the shapes of a contact 

15 hole between first and third polycrystalline silicon 
layers and a contact hole between the third poly- 
crystalline silicon layer and a metal layer. A refer- 
ence numeral 201 designates a field oxide layer; 
20 is an active region having source and drain 

20 regions thereon; 210 is a contact hole pattern be- 
tween the first and third polycrystalline silicon lay- 
ers; 220 is a contact hole pattern between the third 
polycrystalline silicon layer and the metal layer; 
209 is a silicide layer pattern which is an upper 

25 layer of a multi-level conduction layer stacked se- 
quentially; and 217 is a metal layer pattern in 
contact with the third polycrystalline silicon layer 
via the contact hole 220. 

FIGs. 3A to 3J show a process for manufactur- 

30 ing one embodiment of an EEPROM according to 
the present invention. FIGs. 3A, 3C, 3E. 3G and 31 
are longitudinally sectioned views showing a cell 
array region and peripheral circuit region of the 
EEPROM manufactured by a sequential process, 

35 taken along the line A-A' of FIG. 2. FIGs. 3B, 3D, 
3F, 3H and 3J are sectional views showing the 
peripheral circuit region laterally cut away from 
FIGs. 3A, 3C, 3E, 3G and 31 respectively, taken 
along the line B-B' of FIG. 2. Referring to FIGs. 3A 

40 and 3B, a field oxide layer 201 is formed on a 
semiconductor substrate 200 by a common 
LOCOS, and a gate oxide layer 202 is formed on 
the whole surface of the substrate 200. Then, the 
gate oxide layer 202 to have a storage cell transis- 

45 tor in the cell array region thereon is etched by a 
photolithography, and a thin tunnel oxide layer 203 
is formed on the surface of the substrate 200 in the 
portion of forming the storage cell transistor. Gen- 
erally, the tunnel oxide layer 203 is so thin by a 

so thickness of below 200A. In FIGs. 3C and 3D, a 
first polycrystalline silicon layer 204 of a floating 
gate electrode, an ONO layer 205 of an interlayer 
insulating film, and a second polycrystalline silicon 
layer 206 are sequentially formed on the whole 

55 surface of the substrate 200. The second poly- 
crystalline silicon layer 206 and the interlayer in- 
sulating film 205 in the peripheral circuit region are 
partially etched by a photolithography to expose a 
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portion of the surface of the first polycrystalline 
silicon layer 204, thereby forming a contact hole 
210. Preferably, the second polycrystalline silicon 
layer 206 is thin to have a thickness of about 200 
to 500A, and functions for preventing the interlayer 5 
insulating film 205 from being contaminated by a 
photoresist pattern 207 composed of an organic 
material. In this embodiment, the ONO layer is 
utilized as the interlayer insulating film, but an 
oxide layer or another insulating layer may be w 
alternatively used. Referring to FIGs. 3E and 3F, 
the photoresist pattern 207 is removed, and a third 
polycrystalline silicon layer 208 for a control gate 
electrode and a silicide layer 209 are sequentially 
formed on the whole surface of the substrate 200. is 
Referring to FIGs. 3G and 3H, photoresist patterns 
211a and 211b are formed in the cell array region 
and the peripheral circuit region, and the silicide 
layer 209, third polycrystalline silicon layer 208. 
second polycrystalline silicon layer 206, interlayer 20 
insulating film 205 and first polycrystalline silicon 
layer 204 are sequentially etched by a photolithog- 
raphy to form the ;ate electrodes of the storage 
cell transistor and the transistor in the peripheral 
circuit region. After this, an ion-implantation is per- 25 
formed to form source and drain regions. During 
performing the steps illustrated with reference to 
FIG. 3E, a wet-etch process may be added for 
eliminating a natural oxide existing on the surface 
of the second polycrystalline silicon layer 206 30 
which has been formed prior to depositing the third 
polycrystalline silicon layer 208. As shown in FIG. 
3F, it can be noted that the first polycrystalline 
silicon layer 204 and the third polycrystalline sili- 
con layer 208 are in contact with each other via the 35 
contact hole 210 of the peripheral circuit region. 
Accordingly, the first and third polycrystalline sili- 
con layers serve as a single gate electrode in the 
peripheral circuit region. In FIGs. 3G and 3H, since 
the gate electrodes of the storage cell transistor 40 
and transistor in the peripheral circuit region are 
completed through the photolithography process 
once, the number of processing is decreased as 
compared with that of the conventional technique. 
As shown in FIGs. 31 and 3J, after removing the 45 
photoresist patterns 211a and 211b, a drive-in pro- 
cess is executed to form source and drain regions 
of the transistor in the peripheral circuit region and 
those of the storage cell transistor in the cell array 
region. A LTO insulating layer 212 and a 8PSG 50 
layer 213 are sequentially formed on the whole 
surface of the substrate 200 and a reflow process 
is performed. Finally, metal layers 216 and 217 are 
formed after forming contact holes in the cell array 
region and the peripheral circuit region. The metal 55 
layer 217 in the peripheral circuit region is prefer- 
ably connected in a contact hole 220. As shown in 
FIG. 3J. since the lower floating gate electrode (the 



first polycrystalline silicon layer 204) and the upper 
control gate electrode (the third polycrystalline sili- 
con layer 208) are connected to each other, the 
gate electrodes of the transistor in the peripheral 
circuit region operate as a single gate electrode. At 
this time, the lower floating gate electrode actually 
functions as the gate electrode of the transistor. 

In the memory device having the multi-level 
gate structure according to the present invention as 
described above, the storage cell transistor in the 
cell array region and the transistor in the peripheral 
circuit region have the same multi-level gate struc- 
ture. Also, multi-level polycrystalline silicon layers 
in the peripheral circuit region are connected to 
each other, and thus utilized as an electrically 
singular gate electrode. The gate structures of the 
two regions are formed through a single etching 
process, so that the decreased processing number 
of photolithography simplifies overall process, and 
reduces the damage on the field oxide layer to 
thereby enhance an insulating performance. Fur- 
thermore, since the photolithography process is 
carried out after thinly depositing the polycrystal- 
line silicon on the surface of the interlayer insulat- 
ing film, the interlayer insulating film is prevented 
from being contaminated owing to the photolithog- 
raphy process, thereby providing a non-volatile 
memory device having an excellent insulating ef- 
fect of the interlayer insulating film. 

While the present invention has been particu- 
larly shown and described with reference to par- 
ticular embodiments thereof, it will be understood 
by those skilled in the art that various changes in 
form and details may be effected therein without 
departing from the spirit and scope of the invention 
as defined by the appended claims. 

Claims 

1. In a semiconductor memory device having a 
storage cell transistor being formed in a cell 
array region comprising a field oxide layer 
formed on a substrate, a tunnel oxide layer 
formed on the surface of said substrate, a 
floating gate electrode formed on the surface 
of said tunnel oxide layer, an interlayer insulat- 
ing film formed on the surface of said floating 
gate electrode, and a control gate electrode 
formed on the surface of said interlayer insulat- 
ing film, said semiconductor memory device 
comprising: 

a transistor being formed in a peripheral 
circuit region comprising a gate oxide layer 
formed on the surface of said substrat , said 
floating gate electrode formed on the surface 
of said gate oxide layer, said interlayer insulat- 
ing film formed on the surface of said floating 
gate electrode, and said control gate electrode 
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formed on the surface of said interlayer insulat- 
ing film and connected to said floating gate 
electrode in a predetermined portion, whereby 
said control gate electrode and said floating 
gate electrode serve as a single gate elec- 
trode. 

2. A semiconductor memory device as claimed in 
claim 1, wherein said floating gate electrode 
and control gate electrode are formed of a 
polycrystalline silicon. 

3. A semiconductor memory device as claimed in 
claim 1, wherein said interlayer insulating film 
is a multi-level insulating layer having a struc- 
ture of oxide/nitride/oxide layer. 

4. A semiconductor memory device as claimed in 
claim 1, further comprising a thin polycrystal- 
line silicon layer for preventing contamination 
of said interlayer insulating film formed be- 
tween said interlayer insulating film and control 
gate electrode. 

5. A semiconductor memory device as claimed in 
claim 1 , wherein said control gate electrode is 
a double layer obtained by stacking a poly- 
crystalline silicon layer and a silicide layer. 

6. A semiconductor memory device as claimed in 
claim 5, wherein said silicide layer is formed of 
tungsten silicide. 

7. A non-volatile memory device comprising: 

a plurality of storage cell transistors com- 
prising source and drain regions of a second 
conductivity type formed on a substrate of a 
first conductivity type and separated from each 
other by a predetermined distance, a tunnel 
oxide layer formed on the surface of said sub- 
strate between said source and drain regions, 
a floating gate electrode formed on the surface 
of said tunnel oxide layer, an interlayer insulat- 
ing film formed on the surface of said floating 
gate electrode, and a control gate electrode 
formed on the surface of said interlayer insulat- 
ing film; 

a plurality of peripheral transistors com- 
prising a gate oxide layer at least thicker than 
said tunnel oxide layer, and a gate electrode 
formed on the surface of said gate oxide layer, 
wherein said gate electrode has said floating 
gate electrode and said control gate electrode 
electrically connected to each other. 

8. A non-volatile memory device as claimed in 
claim 7, wherein said floating gate electrode 
and control gate electrode are formed of a 



polycrystalline silicon. 

9. A non-volatile memory device as claimed in 
claim 7, wherein said interlayer insulating film 

s is a multi-level insulating layer having a struc- 

ture of oxide, nitride/oxide layer. 

10. A non-volatile memory device as claimed in 
claim 7, further comprising a thin polycrystal- 

w line silicon layer for preventing contamination 

of said interlayer insulating film formed be- 
tween said interlayer insulating film and control 
gate electrode. 

75 11. A non-volatile memory device as claimed in 
claim 7, wherein said control gate electrode is 
a double layer obtained by stacking a poly- 
crystalline silicon layer and a silicide layer. 

20 12. A method for manufacturing a semiconductor 
memory device comprising: 

a first step of forming a field oxide layer 
on a substrate for separating said substrate 
into a cell array region and a peripheral circuit 

25 region, forming a gate oxide layer on the whole 

surface of said substrate other than said field 
oxide layer, removing said gate oxide layer on 
a portion to have a gate electrode of a storage 
cell transistor in said cell array region thereon, 

30 and forming a tunnel oxide layer on said por- 

tion to have said storage cell transistor there- 
on; 

a second step of sequentially forming a 
first polycrystalline silicon layer of a floating 

35 gate electrode, an interlayer insulating film, 

and a second polycrystalline silicon layer for 
preventing contamination of said interlayer in- 
sulating film, and exposing a portion of the 
surface of said first polycrystalline silicon layer 

40 by partially etching said second polycrystalline 

silicon layer and interlayer insulating film 
formed on said peripheral circuit region to form 
a contact hole; 

a third step of sequentially forming a third 

45 polycrystalline silicon layer and silicide layer of 

a control gate electrode on the whole surface 
of said substrate, patterning in said cell array 
region and said peripheral circuit region to 
sequentially etch said silicide layer, said third 

so polycrystalline silicon layer, said second poly- 

crystalline silicon layer, said interlayer insulat- 
ing film, and said first polycrystalline silicon 
layer by a photolithography process, and im- 
planting an ion for forming source and drain 

55 regions; and 

a fourth step of forming said source and 
drain regions by a driv -in process, forming a 
low-temperature oxide layer and a 
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borophosphorous silicate glass layer on the 
whole surface of said substrate prior to per- 
forming a reflow process, and forming metal 
layers in said cell array region and peripheral 
circuit region. 

13. A method for manufacturing a semiconductor 
memory device as claimed in claim 12, 
wherein said third step is performed by: 

forming said third polycrystalline silicon 
layer on the whole surface of said substrate to 
allow said first and third polycrystalline silicon 
layer to be connected to each other via said 
contact hole on said first polycrystalline silicon 
layer formed during said second step, and 
forming said silicide layer on said third poly- 
crystalline silicon layer; 

forming a photoresist pattern on the whole 
surface of said substrate, and sequentially 
etching said silicide layer said third poly* 
crystalline silicon layer, said second poly- 
crystalline silicon layer, said interlayer insulat- 
ing film, and said first polycrystalline silicon 
layer, using said photoresist pattern as a mask, 
to simultaneously form a double-level gate 
electrode of said storage cell transistor in said 
cell array region and a gate electrode of the 
transistor in which gate electrodes of double- 
level are connected to each other in said pe- 
ripheral circuit region; and 

carrying out an ion-implantation onto the 
whole surface of said substrate, and then onto 
said source and drain regions of said storage 
cell transistor and said source and drain re- 
gions of said transistor in said peripheral circuit 
region, using said photoresist pattern as a 
mask. 



and first polycrystalline silicon layers are con- 
nected to each other. 

17. A method for manufacturing a semiconductor 
5 memory device as claimed in claim 12. 

wherein said silicide layer is formed of tung- 
sten silicide. 



w 
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30 



14. A method for manufacturing a semiconductor 
memory device as claimed in claim 12. 40 
wherein said interlayer insulating film is a 
multi-level insulating layer obtained by sequen- 
tially stacking oxide layer, nitride layer and 
oxide layer. 

45 

15. A method for manufacturing a semiconductor 
memory device as claimed in claim 12, further 
comprising an etching step of removing a natu- 
ral oxide layer on the surface of said second 
polycrystalline silicon layer before forming said so 
third polycrystalline silicon layer. 

16. A method for manufacturing a semiconductor 
memory device as claimed in claim 12. 
wherein said metal layer in said peripheral 55 
circuit region contacts with said third poly- 
crystalline silicon layer via said silicide layer 
around said contact hole in which said third 
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